Natural products, especially those derived from microorganisms, have had a very important role in human health through the development of new pharmaceutical drugs, crop protection agents, traditional herbal medicines and personal-care products. [1] [2] [3] [4] [5] In order to identify novel natural products, microorganisms continue to be cultured using different growth media to maximise the diversity of secondary metabolite production. In addition to liquid media fermentations, fungi are also grown in solid media, which can mimic the way these organisms grow in nature. One of the solid media used in our fungal fermentations was vermiculite, which is a clay material mined from various locations around the world. 6 Vermiculite is an ideal solid substrate because of its high surface area and ability to absorb water, although maintaining a medium shrink-swell capacity. Fungal fermentations grown on vermiculite media were extracted with MeOH to provide extract libraries that were suitable for high throughput screening (HTS).
One of the targets selected for screening was the Mycobacterium tuberculosis-derived enzyme isocitrate lyase (ICL), with isoforms ICL1 and ICL2 being shown to be essential for in vivo growth and virulence. 7 ICLs are the key enzymes used by bacteria, fungi and plants 8 in the glyoxylate cycle that catalyses the cleavage of isocitrate to succinate and glyoxylate. We screened 76 466 extracts using a coupled enzyme assay and identified a series of active samples from the vermiculite-based extracts. Active extracts were then subjected to a dereplication procedure; approximately, 1 mg of the crude extract was separated by C18-reversed phase HPLC and collected into 40 fractions in a 96-well microtitre plate. The fractions were dried by centrifugal evaporation and dissolved in 12.5% DMSO/H 2 O. Biological testing using the ICL screen revealed that the activity of most of the extracts eluted from the column with the water solvent front.
Separation of a crude extract using preparative C18-reversed phase HPLC gave an active fraction (IC 50 70 mM against ICL) that showed no signals in a 1 H NMR spectrum recorded in D 2 O, but displayed a prominent mass ion peak at m/z 202.9418 in the (-)-ESI-TOF-MS, which indicated a molecular formula of C 4 O 8 Al. The molecular formula was suggestive of aluminium dioxalate, and further evidence for the compound was obtained by the observation of a single resonance in a 13 C NMR spectrum at 165.3 ppm (500 MHz, D 2 O externally referenced to methanol, lit. 9 164.4 p.p.m.). Aluminium trioxalate may be produced in these fungal solid phase cultures but the dioxalate are more easily detected by negative ion ESI-TOF-MS. Aluminium dioxalate (Figure 1 ) formed by mixing AlCl 3 with oxalic acid in H 2 O had identical (-)-ESI-TOF-MS data and was also active in the ICL screen. Oxalic acid has been reported to be active in a Candida albicans ICL screen (IC 50 95 mM). 10 Aluminium dioxalate was also identified as being responsible for the activity of samples in a variety of other biological screens.
Oxalic acid has been shown to be produced by a variety of fungi where it has a role in lignocellulose degradation by wood-rotting basidiomycetes. 11, 12 Aluminium dioxalate has been proposed to have a role in a detoxifying mechanism used by some plants to complex free aluminium, which is toxic to most plants. 9, 13 The metabolic response of Pseudomonas fluorescens to aluminium toxicity has also been reported to involve pathways associated with ICL. 14 The aluminium that is complexed with oxalic acid is likely to be derived from the vermiculite used in the solid media. This discovery suggests that it is possible to detect oxalic acid as its aluminium salt by (-)-ESI-MS because of the unique mass due to the presence of Al and high MS sensitivity due to aluminium dioxalate already being negatively charged. This method could be used as a dereplication tool for screens sensitive to oxalic acid. 
